Background: With use of computed tomography (CT), intravenous contrast media is used routinely to help define anatomy and identify any pathology. Non-ionic iodinated contrast agents have largely replaced ionic agents and although rare, reactions to contrast are still important and more so with the continual increase in CT examinations in the last decade. Objective: To examine the incidence, severity and risk factors of immediate hypersensitivity reactions to intravenous non-ionic iodinated contrast in CT. Methods: Data of consecutive patients in an Australian tertiary hospital who developed immediate hypersensitivity reactions to intravenous iopromide during CT were collected and compared with the results of all contrast CTs performed over a four year period. Chi-square statistics and odds ratio are calculated on the variables of age, gender, referral source and seasons of the study. Results: Forty-seven patients had immediate hypersensitivity reactions of 29,962 patients who underwent contrast CT (0.16%). Thirtythree patients (70%) had a mild reaction, 11 (23%) moderate and three (7%) severe. Sixteen (34%) were male and 31 (66%) were female. Sixty-eight percent were under 55-years of age. Reactions occurred in 0.35% (34 patients) of all outpatients, 0.07% (6 patients) of all emergency patients, and 0.06% (7 patients) of all in-patients. Eighteen (38%) occurred in spring, seven (15%) in summer, 17 (36%) in autumn and five (11%) in winter. There is a statistically significant higher risk of contrast reactions in females (Odds Ratio [OR] 2.41 p = 0.005), patients younger than 55-years old (OR 2.46, p = 0.005), outpatients (OR 5.42, p < 0.001) and CTs performed in spring and autumn (OR 2.77, p = 0.002).
INTRODUCTION
Some years ago non-ionic iodinated contrast agents largely replaced ionic agents, due to their better safety profile, with an immediate hypersensitivity reaction rate of 3.13% compared to 12% with ionics [1] . Some recent studies have reported rates of non-ionic reaction rates from 0.15% [2, 3] to 1.5% [4] . Although rare, immediate hypersensitivity reactions to contrast are still important and more so with the continual increase in computed tomography (CT) examinations in the last decade. A previous large Australian study was published in the 1980s [5] which may not reflect a current experience of contrast reactions. We therefore conduct this study as part of our departmental quality assurance program to examine the incidence, severity and risk factors of such contrast reactions in a large teaching hospital in Australia.
MATERIALS AND METHODS

Study design and population
We gained approval for this study by the ethics committee at our institution. All staff working in CT scanning complied with the Radiology Department's policy on the administration of IV contrast. Included in this policy are guidelines and recommendations in identifying and managing adverse reactions to contrast media. Staff members (nursing, radiographers, radiology registrars) were obliged to complete a data sheet of patients who developed immediate hypersensitivity reactions within an hour following intravenous injection of non-ionic iodinated contrast (Iopromide, Ultravist) during CT examinations in the Department of Radiology of a tertiary referral hospital. Due to staffing resource issues, we were not able to undertake longer term follow-up of patients to assess for delayed reactions. The study was undertaken between October 1, 2004 and September 30, 2008 . Staff members were also obliged to enter the incident on the Hospital Information System. The collected data included the age, gender, emergency/ inpatient/outpatient status, any oral premedications for patients with a prior history of contrast allergy (Prednisone 50 mg 12 hours prior, Prednisone 50 mg + ranitidine 150 mg + cetirizine 10 mg two hours prior to CT), time of study, symptoms, signs and management of the reactions of the patients. Their medical records were reviewed.
The volumes of non-ionic contrast used were between 40-150 mL depending on the scan protocol, patients' renal function and patient size.
Because of the nature of referral in a major teaching hospital, with significant all year outpatient services, all types of CT scans were undertaken. Volumes of contrast were, in the main, determined by the study type, e.g. lower with CTs of the brain, higher with CT angiography, CTs of chest, abdomen and pelvis.
The severity of allergy was classified as mild, moderate and severe using the grading system in the ACR Manual on Contrast Media (version 7, 2010) [6] .
We also conducted a retrospective search in the hospital electronic database of all the patients who received the same contrast in CT during the same period. Data including age, gender, emergency/inpatient/outpatient status, time of study of the patient were collected. In Australia, Spring is defined as September to November; Summer, December to February; Autumn, March to May and Winter, June to August [7] . We excluded from our patient cohort unconscious, intubated or sedated patients from A&E because identification of immediate, adverse reactions would have been difficult in this small, critically ill, group of patients.
Statistical analysis
Characteristics of patients who developed immediate hypersensitivity reactions following intravenous injection of nonionic iodinated contrast during CT examination and those who did not are presented using descriptive statistics. Categorical data (e.g. gender, age group, referral source, season of admission) were described proportionally and Chi-square statistics was used to test a significant association between the contrast reaction group and these categorical exposure variables. To quantify a magnitude of the association, odds ratios (ORs) were calculated, Cornfield's 95% confidence limits for ORs were calculated. Chi-square statistics was corrected for continuity where appropriate, in that case Yates corrected Chi-square was used. Analyses were performed using SPSS statistical software for Windows version 17.0 and EpiInfo software. The p-value of 0.05 was taken as statistically significant.
RESULTS
A total of 47 from 29,962 patients who underwent contrast e n h a n ce d C T s t u d i e s (C E -C T ) d e v e l o p e d i m m e d i a te hypersensitivity reactions to contrast (CR) (0.16% or 1 in 625 patients). There were no variations in the types of CT scans, and therefore no variations in proportions of patients with higher or lower doses of iodine contrast, between the seasons or the years. Table 1 denotes the number of patients, and rates of reactions, from the varied referral sources and by sex segregation.
The age range in the CR group was 16 to 81-years with a mean of 45.6-years compared with an age range of 12 to 106-years and a mean of 56.7-years in the CE-CT group. Figure 1 shows the number of patients in the CR and CE-CT group by age bands. The peak in CR was in the 50 to 59-year band as against the peak in CE-CT in the 60 to 69-year band. There were a higher proportion of patients under 55-years of age in the CR group (68%) than in the CE-CT group (46%).
Of those patients with CR, six (13%) were emergency department patients, seven (15%) were inpatients and 34 (72%) were outpatients. In the CE-CT group, the percentages were 28%, 39%, and 33% respectively.
In the CR group, 18 (38%) occurred in spring, seven (15%) in summer, 17 (36%) in autumn and five (11%) in winter. The proportion was 25%, 24%, 26%, and 25% respectively in the CE-CT group (Fig. 2) . Figure 3 shows the number of patients in the CR and CE-CT groups by month, with peaks in the CR group in April and October and troughs in February and August. any mild urticaria or pruritis. Flushing was not specifically recorded, because this is a common experience by patients given IV iodinated contrast. A few patients experienced more than one of the reactions listed. Three patients had angioedema and urticaria; one had dyspnea and urticaria; one had dyspnea and diaphoresis; and one had angioedema, dyspnea, seizure and urticaria. Thirtythree (70%) had a mild reaction, 13 (28%) moderate and one (2%) severe. No fatality was recorded. Fourteen (30%) had prior contrast medium exposure with no history of contrast allergy and two (4%) had mild reactions despite pre-medication for prior contrast allergy. Twelve (25%) had a history of allergy other than to contrast medium, two (4%) of these patients also had a history of allergic rhinitis (one in spring and one in winter). A total of six (13%) had a history of asthma (four in spring or autumn, two in winter), with four of these patients also having allergy other than to contrast medium.
The following factors were found to have a statistically significant higher risk of contrast reactions: 1) females, OR 2.41 (1.27-4.6), p = 0.005; 2) when younger than 55 years old, OR 2.46 (1.29-4.75), p = 0.005; 3) outpatients, OR 5.42 (2.76-10.82), p < 0.001); 4) Spring and autumn, OR 2.77 (1.39-5.64), p = 0.002. When the eight patients in the CR group with asthma or allergic rhinitis were removed, the OR for spring and autumn is 3.17 (1.44-7.17), p = 0.002.
DISCUSSION
Our study of 29,962 patients has a relatively low incidence of 0.16% immediate hypersensitivity reactions to non-ionic contrast. This is similar to the 0.15% reported in the largest single series to date of 298,491 patients using the same non-ionic contrast agent, Iopromide, by Hunt et al. [3] , but is lower than many other large series in the literature, Wang et al. [2] (0.6%, 84,928 patients), Mortelé et al. [8] (0.7%, 29,508 patients), Cochran et al. [9] (0.7%, 73,039 patients) and the landmark Japanese series, Katayama et al. [1] (3.13%, 168,363 patients) . However, the proportion between mild (70%), moderate (28%) and severe (2%) reactions in our study are comparable to these studies [2, 3, 8] . Our incidence of severe reaction of 0.01% is lower than reported by these series. No fatality was recorded and this is in keeping with the low mortality rate of one in 100,000 [10] to almost one in 300,000 [3] .
Female patients in our study had a significant higher rate of reaction than men. Other studies have also observed this higher rate in females [2, 3, 8, 4, 11] .
Our study had a significantly higher rate of reaction in less than 55-year-old and the single severe reaction occurred in a patient less than 30-years of age. Whilst some series did not observe a higher risk with younger age [1, 8] , Kopp et al. [4] had listed the highest risk age group to being the 18-30-years old, with a reported rate of 1.9%. This figure is somewhat higher than our 0.28% (<30 years old) but Kopp et al. [4] also included nonallergic reactions such as heat sensation and metallic taste. A large paediatric series (less than 21-years old) with 12,494 patients by Callahan et al. [12] showed a rate of 0.46% with significant risk of adverse reaction with increasing age up to 18-years of age.
Outpatients in our study also had a significantly higher risk of developing an immediate reaction when compared to inpatients and emergency patients. Mortelé et al. [8] was the first study to observe this outpatient dominance (over 70% of all immediate reaction) and postulated that the difficulty in accessing clinical information in outpatients and perhaps that outpatients had more risk factors that were unknown may have contributed to this finding.
To the best of our knowledge, no prior repor ts have demonstrated a significant relationship between the incidence of immediate reaction to monthly and seasonal times. This factor was examined recently by Mortelé et al. [8] and Callahan et al. [12] with both studies finding no significant correlation. Seasonal variations to non-immediate or delayed reaction to contrast was observed in a study of 4,875 patients by Mikkonen et al. [13] , which showed a higher incidence in the Northern Hemisphere summer months (April to June) suggesting a photosensitive effect. Our series is the first to observe a significant higher incidence of immediate reactions in spring and autumn. A previous Australian series with 30,268 patients (non-ionic contrast subgroup) by Palmer [5] did not examine the seasonal factor. Other potential relevant variables such as asthma and allergic rhinitis did not seem to confound our results as removing these patients from our CR data still yielded a significant result demonstrating peak incidences in spring and autumn. It may be that patients should be less susceptible to contrast allergy during those months, as they are likely to be on increased dose of B2 agonist and/or steroids inhalers. However, it is also possible that patients who have greater symptoms in "allergy seasons" may have more reactive mast cells, and it is possible that many allergic patients be under medicated. We are therefore uncertain as to whether this seasonal variation is limited to our centre or whether this might be an unrecognized geographical risk factor seen in Australia or Southern Hemisphere. A wider study may be valuable in further evaluating this recorded phenomenon. Our seasonal variation is also not explained by any seasonal variations in types of scans, or levels of iodinated contrast given, because there was no variation in our CT referral patterns.
Although immediate allergic reactions to contrast media are often considered non-IgE-mediated, in a report by Brockow et al. [14] up to 50% of their patients had a positive skin test 2-6 months later after the contrast reaction, supporting the concept of an IgEmediated reaction, with histamine release from basophils and mast cells [15] . In patients with negative skin test, the mechanism remains speculative and histamine release can also be due to i) direct membrane effect from the osmolarity or chemical structure (non IgE-mediated) ii) complement activation or iii) direct bradykinin formation [16] .
It is also of note that among our patients who had reactions to contrast, 30% had prior contrast exposure with no history of contrast allergy and 4% had mild reactions despite pre-medication for prior contrast allergy. The former figure is similar in Katayama et al. [1] and the latter figure is 7% in Hunt et al. [3] , prophylactic use of pre-medication is still debated and the recurrence rate of contrast reaction after corticosteroids premedication has been estimated to be around 10% [17] .
There are several limitations to our study. This is a prospective collection, but retrospective data analysis study at a single institution using a single branded non-ionic contrast agent, Ultravist (Iopromide) that may not be generalised to other nonionic agents or centres. We did not collect data on the incidence of asthma and allergic rhinitis in the CE-CT group and the diagnosis of such in the CR group is relied on from the medical records. We did not refer our patients with immediate reactions to any followup skin tests. Analysis of a prior allergy history and prior exposure to contrast was limited to the 47 patients with reactions, and was not evaluated in the other, over 29,900 patients. Therefore we are not able to define the levels of risk in all our patients.
In conclusions, the rate of immediate hypersensitivity reactions to intravenous non-ionic iodinated contrast in CT examination is low and most of these reactions are mild, with a significant higher incidence in females, patients younger than 55 years of age, outpatients and CT examinations performed in Spring and Autumn. This seasonal variation is not reported previously in the literature with any definable cause being elucidated from this study. Further studies will be needed, especially data from other Australian institutions, to determine whether this is an unrecognized geographic risk factor.
